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From the Editor 
Doug Hendricks 
KIGDS 
862 Frank Ave. 
Dos Palos, CA 93620 
209-392-3522 
ki6ds@dospalos.org 

This issue marks the start of the 9th year of publication for QRPp. 
Thanks to all who have made it possible. Especially Jim Cates, the 
quiet gentleman who is my dearest friend and keeps me on the right 
path when | stray. Thank you Jim. 

This issue is filled with one huge article, Jim Kortge’s work on build- 
ing and optimizing the lowa QRP 10 that was published in the Fall 2000 
issue of QRPp. Mike Fitzgibbon, NOMF was the original designer, and 
| asked Jim to reproduce the rig from QRPp. Jim found some ways to 
improve the rig, and with Mike’s blessing they are included here. The 
_ pictures are all on the NorCal Web Site, and if you decide to build the 
rig, | strongly suggest that you go there and use those photos, wi 
are in color, and much clearer than here. The URL is: 


http://www.fix.net/norcal.html 


Jerry Parker does a wonderful job on the page, and there is a ton of 
QRP information there. Visit it often. 

Also, Paul Maciel, AK1P, our database manager has a new email 
address. If you have any questions about your subscription to QRPp, 
please check with him at ak1p@earthlink.com 72, Doug, KIGDS 
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Notes On Building the lowa QRP ‘° Transceiver 
By Jim Kortge, K8IQY 


My first step in building this transceiver was to do a somewhat quick 
inventory of the parts Doug, KI6DS had sent. After looking at these 
goodies, | proceeded to cut the sides down on a small cardboard box 
for making a parts holder. This technique was used back in the days of 
assembling Heath Kits, and still works well today, although the parts 
back then were a bit larger. In some instances with the smaller parts 
like diodes, several were bundled together and inserted in a single hole, 
to keep them from disappearing down one of the “cardboard tunnels”. 
Once the parts were organized, my attention was focused on preparing 
the printed circuit board substrates that the three section of the trans- 
ceiver would be built upon. The board material used was some older, 
phenolic based 1/16-inch double-sided board stock that was waiting to. 
be used. | decided to use this instead of glass based board material, as 
it is easier to shear, and does less dulling of the cutting edge on the 
shear. | marked the board sizes at 2 X 5 inches, giving myself an extra 
inch of width, just in case | needed more room. One of the important 
axioms of Manhattan-style construction is to use a larger substrate than 
you think you will need. It's always easy to hack off the extra, and really 
difficu:. to add a piece and have it look good, if you run out of building 
space before the parts are gone. 

When the boards were cut to size, one of them was marked off for 
building the VXO, +8 volt supply, and optional TiCK keyer. Additional 


Fig. 1 VFO Board Substrate (1” oversized) 
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lines were drawn for the final cut at 2 X 4 inches, assuming all the parts 
would fit, and another line along the edge, 1/8 inch inboard, so that area 
wouid remain clear of parts and wiring. This was to allow a final cut for 
fitting the board into the supplied case, if indeed it is used. Mike, NOMF’s 
boards apparently were 1 7/8 X 4 inches, but the QRPp illustrations 
show 2 X 4 inches. | believe the boards must be less than 2 inches wide 
to fit into the “Bud” minibox Doug provided. 

Construction started with the +8 volt power supply, building it into 
the area marked on the substrate. It is always a good idea to start a 
Manhattan-style building project with a simpler part of a circuit. Even if 
you are an experienced builder, it takes some “parts orientation noo- 
dling’, lead bending, fitting, and soldering to get your mind and hands 
into the flow. Once you're in the groove, building is much like a chess 
game, and you can see the next several steps that will happen. After 
completing the +8 volt supply, it was tested by applying 13.8 volts to the 
appropriate pad, and measuring the output. My regulator was putting 
out 7.96 volts. A note of caution, don’t inadvertently short the output of 
the 8-volt regulator, they don't like that. | did it, and didn't let smoke out 
of the part, but | turned it into a 7.5 volt regulator after doing it a second 
time. It had to be replaced! 

Since | built the +8 volt regulator farther to the right edge than Mike, 
| gained some space on the substrate that could be used for the VXO 


Fig. 2 U6 and associated components. 


circuitry. VXO construction began by mounting Q4, oriented with the 
drain lead up, the gate lead down, and the source to the left. My basic 
plan was to have the frequency control components, X5 and RFCS, 
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mounted across the shorter direction, and the diode doubler compo- 
nents along the longer direction. This would minimize crowding, and 
keep the frequency control components away from the higher-level r.f. 
output of the doubler. An extra pad was used between the gate lead 
and the crystal, just in case an extra capacitor was needed to set the 
VXO high end. [I’ve done this on other VXO based projects and was 
glad that | did. It’s one of the benefits of many building projects | guess. ] 
A 3.3 uH-molded inductor was used for inductor RFC5 instead of the 
T50-2 toroid. Having a large core inductor suspended by its leads could 
cause unwanted stability problems. The molded unit was mounted be- 
tween two pads. A larger value inductor should work in this VXO for 
wider frequency coverage, but won't because of some design limita- 
tions. 

Before testing could proceed, the MV209 varicap was tack soldered 
to the pad containing the junction for switch S1. The control point at the 


Fig. 3. Q4 and components. 


end of R11 was grounded with a clip lead. Power was applied to the 12- 
volt terminal, and the VXO came to life. With the S1 control point at 
ground, the varicap is at maximum capacitance, and the output fre- 
quency was around 15.995 MHz, about where it needs to be to cover 
28.06 MHz. What math was just done? Well, the VXO frequency is 


QRPp Spring 2001 5 


going to be doubled, so 15.995 MHz turns into 31.99 MHz. From this 
number, subtract off the i.f. frequency of the rig, or 3.9315 MHz to get 
28.0585 MHz. How do | know that the i.f. frequency is 3.9315 MHz? 
The answer to that question will be addressed in detail later, when a 
“quick tutorial” on crystal matching takes place. For now, accept the 
fact that the crystals specified have their series resonance at nominally 
3.9315 MHz. Getting back to testing, removing the S1 jumper from 
ground, and connecting it to the +8 volt supply raises the VXO up about 
6 KHz, so 28.060 will be somewhere in the lower part of MV209 varicap 
tuning range. As the voltage is increased on a varicap, its capacitance 
decreases. To get a feeling for the total range covered by the VXO, a 
470 pF capacitor can be placed across the MV209 leads while the S1 
junction is at +8 volts. This capacitor will simulate the maximum ca- 
pacitance of the 1SV149 varicap, and we'll get a peek at the VXO low 
end. On my rig, that will be around 28.055 MHz, actually not as wide of 
a frequency swing as | had anticipated since the crystal is at 16 MHz. 

Building the diode doubler circuitry began by winding the T3, 137-61 
core with 10 bifilar turns. Since this core was wound with #28 gauged 
wire, the recommended method would be to twist the two strands to- 
gether for 7 to 8 turns-per-inch of length, and wind the core with the two 
wire bundle. However, | didn't do it that way, but instead wound the 10 
turns with parallel wires. | can do that more rapidly, and the results are 
virtually the same, if the leads are kept together. Once T3 was mounted 
on a line with the Q4 source lead, the remaining parts were soldered in 
approximately the same locations that Mike had used. However, | ori- 
ented the output transformer, T4 at 90 degrees to T3, to minimize any 
chance of coup!'1g between these two. Output transformer T4 was 


Fig. 4 VXO Board Layout 


‘6 QRPp Spring 2001 


wound with a 16-turn primary, so its inductance would be the same as 
many of the other tuned circuits in the rig. For reference, the primary 
inductance was measured at 0.9 uH. Making this change allowed using 
a 5-50 pF trimmer capacitor at location C33, making this value com- 
mon with all of the other trimmers. The secondary of T4 uses 2 turns 
instead of 3, to partially compensate for the fewer primary turns. 

With this circuitry completed, applying 12-volt power produced nomi- 
nal 32 MHz output from the VXO. Trimmer C33 had two relatively sharp 
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Fig. 6 Reverse View of VFO 
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peaks, and no instability was seen. The unloaded output is a clean sine 
wave, at a level of approximately 800 millivolts peak-peak, more than 
enough signal to drive the receive and transmit mixers. The 16 MHz 
fundamental signal driving the diode doubler is more than 30 dB down 
from the main signal at 32 MHz, and all harmonics and spurious signals 
are also better than 30 dB down. 
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Fig. 7 VXO output spectrum plot 


In this section, !’ll discuss my experience building the input circuitry 
of the IA QRP-10. I'll refer to this portion as the Rx T/R Switch, as that 
is its function. It takes the incoming signal from the antenna, via the 
transmit low pass filter, and passes it on to the receive r.f. pre-amplifier. 
Part of the functionality of this section is to also protect the pre-amplifier 
from being burned out when the transmitter is “on the air’. Mike, NOMF 
essentially carried over the original SST front-end, but in doing so missed 
an important aspect of Wayne Burdick, N6KR’s original design intent. 
Wayne used the bias voltage from the NE602 input pin to supply cur- 
rent to the MPN3700 PIN diode during transmit. In addition, the input 
circuitry worked directly into the 1500-ohm impedance of the NE602. 
That allowed the incoming signal to be properly coupled with a 5 pF 
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capacitor. The input circuitry employed in the QRP-10 does not provide 
a Suitable bias source for the MPN3700 PIN diode, nor is the 5 pF 
coupling capacitor appropriate for working into a 50-ohm impedance. 
Some quick Electronic Workbench modeling shows that using the origi- 
nal input circuitry would result in a signal loss in excess of 25 dB, far 
more than the 8-10 dB gain provided by the pre-amplifier in the next 
stage. In addition, when the key line is grounded, no change in the 
signal level occurs. With that Knowledge in hand, | felt compelled to 
make some minor changes to the configuration, and achieve better 
performance. 

The final design kept both the 1N914 and MPN3700 diodes, and 
added an input trimmer capacitor, 1.5 UH molded inductor, 1.5 K ohm 
resistor, and another bypass capacitor. Included with the set of pictures 
for this write up is a revised schematic diagram showing what was built, 
along with two spectrum analyzer plots of the new Rx Input T/R Switch. 
Overall, the performance is markedly better. The measured signal loss 
. 1g now only 0.4 dB during receive, and the attenuation during transmit is 
over 60 dB, well in excess of the amount needed to protect the pre- 
amplifier from being overloaded or burned out. 

With a new input design in hand, the next step was to mark off the 
receiver substrate into sections, as was done with the VXO. To reiter- 
ate, partitioning the substrate lets you visualize the amount of space 
available for each section of the design. With some experience, you 
can sense whether the allotted areas are compatible with the complex- 
ity of a section and the number of parts to be soldered down. This 
substrate was essentially split in half, and each half was then parti- 
tioned into thirds, except for the input T/R and pre-amplifier, which shared 
a larger area. One of the pictures shows the partitioned substrate. Once 
this layout was done, there was an immediate concern that building the 
receiver on a 2 X 4 inch substrate wasn't going to work; that all the parts 
wouldn't fit with ease, and everything would be jammed together. When 
the VXO was built, the pads used were 5/32 inch in diameter. | placed 
several pads of this size on the receiver substrate, and immediately 
decided that this size pad was too big. Using a pad of this size would 
Cause me to run out of room before all the parts were down. With that 
thought in mind, the dies in the Harbor Freight hand punch were changed 
to 1/8 inch, and several dozen pads of that size were made. This size 
still had more than enough room for several connections, and could be 
placed closer to each other, thereby allowing greater parts density, but 
without over crowding. Once this decision was made, actual building 
commenced. 

Several pencil and paper sketches were dcodled showing possible 
parts arrangements for the Rx T/R switch before any pads were glued 
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down. On the third or forth layout, everything jelled, and | was ready to 
build. The first five pads were placed, and parts were soldered in, start- 
ing with the input trimmer capacitor, then the molded inductor, etc. After 
approximately half of the parts were mounted, the remaining two pads 
were cemented down, and those parts soldered. With all the parts on 


Fig. 9 RX T/R Switch 
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the substrate, the layout was given a final check against the schematic 
There have been many times when I've built something entirely differ- 
ent than what was shown on the schematic. It happens to ail of us: your 
brain gets tired, and you wander off to “Solder Land”. 

Once the input circuitry was finished, a few minutes of testing on 
the spectrum analyzer confirmed the robust performance of this new 
circuitry. Two spectrum analyzer plots have been included showing now 
well this circuitry works during receive and transmit. 


IA QRP-10 


Rx Input T/R (New) 


T1 
C103 2TP-16TS/T37-4 


Fig. 10 Replacement T/R Switch Schematic. Note: Rin ohms, C in 
pF, Lin uH unless otherwise defined. 


QRPp Spring 2001 | 11 


12 


: W 
700 ms ti <5 
START 10 MHz STOP 100 MHz 
Fig. 11 Rx T/R switch “rcv mode” spectrum plot 


ue Filter-T/R on 
rer 0.0 dm ATT 10 dB _ ALview B blank 


LOGR/ Geen ty acne 


a ail | fi ‘i 
700 ms — 4 
START 10 MHz STOP {00 MHz 
Fig. 12 Rx T/R switch “transmit mode” spectrum plot 


QRPp Spring 2001 


Continuing construction of the rig began with winding transformer 
T1 with the appropriate number of turns. Since the input circuitry was 
changed to work with a low impedance (50 ohms), the primary winding 
on T1 was changed from 8 turns down to 2 turns. With the secondary 
tap at 4 turns, this presents approximately 200 ohms to the source of 
FET Q1, right in line with the input impedance of a grounded gate de- 
sign using a J310. The transformer was wound with #26 gauge wire on 
the secondary, then the two turn primary winding was added using #28 
gauge wire. As the secondary was being wound, after 12 turns were 
applied, a large loop was formed, twisted several times, and an addi- 
tion 4 turns applied. The loop became the tap shown in the T1 detail 
picture. My usual winding technique is to hold the core in my left hand, 


Fig. 13 T1 Winding detail 


and wind the wire by pulling it through the core from the front side, while 
moving around the toroid in a clockwise direction. As it turn out, the 
transformer would have fit a bit better had | held the core in my right 
hand, and wound in a counter-clockwise direction, to place the winding 
ends on opposite sides of the core from where they ended up. | could 
have rewound T1, but just couldn’t bring myself to spend the extra time 
for saving about 1/8 inch of space on the substrate. 

Transformer T1 was mounted nearly identical to the position Mike, 
NOMF used, as was the trimmer capacitor, C3. The source lead resis- 
tor and capacitor, R1 and C4 respectively, were then soldered in place. 
A pad was placed for the drain lead for Q1, and it was then soldered 
into place. At this point, had | been thinking, resistor R2 should have 
been added, along with a pad for its opposite end. However, | was think- 
ing about the need of winding T2, and completely forgot to put it in. 
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Fortunately, the pre-amplifier is very stable without it, so its need may 
not be very great. 

Winding transformer T2 is very straight forward, as it doesn’t have 
the complication of a tap. lt was wound with 16 turns on the primary, 
and 2 turns on the secondary, instead of the 8 shown in the design. My 
rationale for making this change is that the output of T2 is driving a 
rather low impedance load consisting of a series resonant LC made up 
of capacitor C7 and inductor RFC1. RFC1 is r.f. grounded at one end 
by capacitor C9, so the total impedance seen by the secondary winding 
of T2 is the parallel loss resistance in inductor RFC1, and that’s prob- 
ably a few ohms at best. With the 4:1 winding ratio on the original T2 
design, the transformed load to the drain of Q1 is 16 times the parallel 
loss value, probably no greater than 50 to 100 ohms at best. This low 
impedance would destroy the selectivity on the output side of the pre- 
amplifier. By using an 8:1 turns ratio, the selectivity is markedly im- 
proved. No attempt was undertaken to optimize the turns ratio on T2. It 
may well be that a 1 turn secondary is better than the 2 turns that | 
chose. 


Fig. 14 Receiver Pre-Amp 


After T2 was wound and installed, the completed receiver front- 
end was tested. In the first test, a signal from the tracking generator of 
the spectrum analyzer was connected to the “Rx Ant” terminal, and the 
input to the analyzer was connected to the secondary lead of T2. All 
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Sa 


Fig. 15 Receiver Pre-Amp Layout 


trimmer capacitors were peaked twice for optimal signal amplitude. The 
spectra! piot shows the overall gain to be about 8 dB, so the pre-ampli- 


fier is running at about 8.5 dB, since there is a loss in the T/R switch of 


nominally 0.5 dB. The second test made use of my FT-990 receiver. An 
antenna was connected to the QRP-10, and the output from T2 con- 


lA QRP-10 


Receiver pre-amp qain 
Cie 


REPO ATT 10 oB A_view B_blank 


LOdB/ pi ie 
TG LEVEL "OB 14 Waal 
-36 dB | 5)" 3s el | 


ms 
START 10 MHz STOP 100 MHz 


Fig. 16 Receiver Pre-Amp Spectrum Plot 
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nected to the FT-990. Signals on 10 meters were heard and their S 
meter readings noted. The same signals were then re-measured with 
the antenna connected directly to the FT-990, and observed to be about 
1-1/2 S units lower. Added gain from the QRP-10 pre-amplifier aopeared 
to be approximately 8 to 9 dB, consistent with the spectrum analyzer 
measurement. No detectable increase in the noise floor was noted while 
the QRP-10 pre-amplifier was being used, which is very good. 

After the front-end was finished, it was time to tackle the first of the 
three ICs that make up the receive strip of the IA QRP-10. In many 
previous Manhattan-style construction projects which used ICs, my 
approach had been to use small rectangular pads made with the ADEL 
nibbling tool to mount the IC socket on. With more recent projects how- 
ever, | started using small pads that approximate this arrangement. 
These pads are 0.6 inch long, and 0.4 inch wide, and have eight mount- 
ing surfaces cut into a piece of PC board material from with the pad is 
made. The cuts could be made with a small saw (a musical instrument 
fret saw would probably be excellent), milled with a milling machine if 
available, or etched as a small PC board if you have that capability 
using PnP Blue film or equivalent method. Mine were made on a drill 
press, using a milling table to control the X-Y movements. The cutter 
was a discarded dental burr. 


Fig. 17 IC Pad 


The mixer IC socket was mounted to one of these pads, and the 
pad in turn glued to the substrate. Small glue dots were placed only at 
the corners, so the pad could be removed in case it needed to be relo- 
cated, or reoriented. The circuitry on the input and output sides gener- 
ally follows the layout that Mike, NOMF used on his rig. The only devia- 
tion is in capacitor C9A, which is a 15 pF, instead of the 56 pF shown in 
the schematic. This change was made to reduce the LO drive to the 
mixer. With the 15 pF value, the drive is about 500 millivolts peak to 
peak, more than enough for the NE602 mixer. Overdriving an active 
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te 


Fig. 18 IC Pad Mounted on IC Pad 


mixer causes numerous spurious frequencies to be generated on the 
output. 

After all of the parts are soldered in place, this much of the receive 
strip can be tested if you have a general coverage communications 
receiver. To test the operation, connect the VXO output to the VXO 
input terminal on your receive board. Then, temporarily solder a 0.01 
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Fig. 19 Receiver Mixer, View 1 


uF capacitor to either pin 4 or pin 5 of the IC socket, and connect the 
other end of this capacitor to the antenna input on your receiver using a 
piece of coax. Tune the communications receiver to 3.932 MHz. Place 
an antenna on the input of the QRP-10 and apply power so that the 
receive pre-amp and mixer are active. Peak all of the trimmers for maxi- 
mum noise in the communications receiver. If 10 meters is open, you 
should be able to tune the communications receiver around 3.932 MHz, 
and hear a signal. When | performed this test, there was a contest 
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Fig. 21 Receiver Mixer Parts Layout 


going on 10 meters, and finding a signal was not a problem. In fact, 
numerous 20 over S9 signals were heard from one end of the band to 
the other. Remove all of the temporary connections after this test, so 
the receive board is ready for further building. The crystal filter comes 
next. 

These notes begin with a discussion on measuring crystals for use 
in the IA QRP-10 filter. My method for matching crystals is borne out of 
reading many articles on the subject, numerous experiments using vari- 
ous suggested methods, and some basic criteria that to my mind are 
invariant. This last item is probably the most important to the discus- 
sion. Based on all that | have read and found experimentally, it is clear 
that crystals in a filter are operating in a series resonant mode. This 
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means they are exhibiting an “equivalent series resistance (ESR)” at 
the center of the filter pass band, and no reactive contributions. Above 
or below the center of the filter pass band, the crystal begins to exhibit 
greater reactance the farther away from the filter center one applies the 
excitation. 

Given that the above statements are true, the only way one can 
measure the resonant condition of the crystal, i.e., no reactance, is to 
drive the crystal in a low impedance circuit, and find the condition where 
the output is a maximum. My test apparatus does just that. It consists 
of pair of 4:1 broadband transformers, one on the input, and one on the 
output. Ahead of the input transformer is a 4 dB attenuator, to provide 
isolation from the driving signal generator. The output transformer is 
terminated with a 51 ohm resistor, followed by a high impedance rf. 
probe. Output from the r.f. probe is taken to an oscilloscope, which is 
used as the dc detector. The reason for using the oscilloscope is to 
take advantage of the screen graticule markings for setting up limits on 
acceptable ESR. Limits on what is acceptable as an ESR are deter- 
mined with a small sample of crystals, since crystals of a given manu- 
facturer and batch, as well as frequency, will exhibit differing ERS val- 
ues. Normally, a marker is positioned at what appears to be the mean 
ESR for the group, and a second marker is then set at a value 3 dB 
lower. This marker becomes the lower limit at for which crystals will be 
accepted for filter use. Those that don’t make this limit are destined for 
use in local oscillator service, assuming they have reasonable activity 
in an oscillator circuit. 

The generator used to drive the tester is a RACAL-DANA 9087 
digitally synthesized unit that has resolution down to 1 Hz. A short is 
placed across the crystal holder, the generator is set to the marked 
frequency on a sample crystal, and the amplitude of the generator is 
advanced until the trace on the oscilloscope is at full scale. A crystal is 
then inserted into the holder, and the generator frequency increased or 
decreased in 1 Hz steps until the oscilloscope display is again at a 
maximum. The trace location is recorded. A resistor is chosen from a 
low value set and inserted for the removed crystal. If the trace is higher, 
a the next higher resistor is selected, and the process repeated. Even- 
tually, a resistor matching the ESR of the first sample crystal is found, 
and its value recorded. This process is repeated for the sample, which 
usually contains four to six crystals out of a batch of 50 to 100 units. 
The mean resistor value is then computed, and that value inserted into 
the tester. This output level then represents the median ESR for the 
batch, and a oscilloscope marker is set to this level. With the “mean 
ESR value’ resistor still in place, the generator output is reduced by 3 
dB, and a second marker is set. This marker then becomes the lower 
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limit for accepting crystals from the batch for filter elements. 

With the test fixture now calibrated, each crystal in the batch is 
measured by finding its series resonant frequency, and the last 3 digits 
of that frequency is marked on the crystal. Those whose ESR is below 
the lower limit, are marked “LO”, and kept for use in local oscillator 
service. Occasionally, a crystal will exhibit really high ESR values, or 
cause the oscilloscope trace to continually wander in amplitude. These 
are rejected and not used at alll. 

Once all the crystals in a batch are measured, the leads are set into 
a foam board, with the crystals arranged from the lowest frequency to 
the highest, with spaces left for the sample set. The sample set is then 
further used to determine the characteristics of the batch in another 
test apparatus. Here is how that is done. 

The second test apparatus consists of a Colpitts oscillator that uses 
220 pF capacitors in the feedback positions and has a switch in the 
grounded leg of the crystal. Across this switch is a 12 pF capacitor. A 
sample crystal is inserted into the holder with the lower lead grounded. 
After a suitable amount of time for the crystal to stabilize, the frequency 
of oscillation recorded. Opening the switch places the 12 pF capacitor 
in series with the crystal, and its oscillating frequency increases. This 
new value is also recorded. Through the use of another switch on this 
test apparatus, the crystal is then placed into one arm of a resistive 
bridge circuit. The bridge is driven by the same 9087 generator that 
was used to excite the first apparatus. On the center nodes of this bridge 
are r.f. probes, one measuring the voltage drop across the crystal, and 
the other measuring the voltage drop across the reference lower bridge 
leg. This bridge leg is a 50 ohm, 20 turn non-inductive trimmer potenti- 
ometer. The generator is set to the frequency marked on the crystal, 
representing series resonance. It is moved up and down a few Hz just 
to verify a resonant condition. The resistor in the reference leg is then 
adjusted until the voltage drop across this leg and the crystal are the 
same. By operating another switch, the reference leg resistor is switched 
out of the bridge, and into a digital multimeter set to measure resis- 
tance. This value is recorded, and compared with the value obtained 
for ESR from the first test apparatus. The mean of these two values, 
measured by these two independent methods, along with the same set 
of measurements from the other samples becomes the crystal lot Rs 
value. To obtain the motional inductance, Lm, and motional capaci- 
tance, Cm values, and the Q of the crystal, requires a set of calcula- 
tions. These are performed on a programmable TI-92 calculator. To 
obtain the holder capacitance, Co, of the crystal batch, each sample 
crystal is measure on an AADE digital L/C meter. The mean capaci- 
tance of the samples represents the Co value. The formulas used can 
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be found in the paper “Refinements in Crystal Ladder Filter Design” by 
Wes Hayward, W7ZOIl. This paper was published in the June 1995 
issue of QEX magazine. The technique of using an oscillator circuit and 
derived formulas to obtain Lm and Cm values was developed by G3UUR. 

Over the past several years, | have experiments with various oscil- 
lator circuits to simplify the process of matching crystals. None of them 
has worked satisfactorily. The best approximation to the accuracy that 
my present method provides is to use a Colpitts oscillator, with feed- 
back capacitors that are very large. Values above 1000 pF will begin to 
yield approximately correct values for the actual series resonance ina 
given crystal. The feedback values have to be adjusted to match the 
frequency of the crystals being tested, with the limit being a capacitor 
value that just will let the circuit oscillate with the crystals being tested. 
As the feedback capacitance value is lowered, the measured series 
resonant frequency will begin to error upward in frequency, and the 
spread among the crystals being tested will reduce until they all mea- 
sure nominally at the same frequency. By intuition, we know that cannot 
be correct. 

The crystals supplied by Doug Hendricks, KI6DS for use in the IA 
QRP-10 building challenge have the following parameters: 


Manufacturer ECS 

Marking 3.93-17 

Measured characteristics (mean values) 
Fo 3.931420 MHz 

Rs 22.7 Ohms 

Co 3.58 pF 

Cm 9.61 X 10-15 Farad 
Lm 0.1706 Henry 

Q 185,600 


Why are these parameters important? The answer is that they dic- 
tate how the final filter will be configured. While not going into all of the 
details, these parameters are used with other design criteria to define 
the actual topology of a given filter, and its theoretical performance such 
as bandwidth, input and output impedances, insertion loss etc. Without 
knowing them, we can only make educated guesses regarding termi- 
nating impedances, coupling capacitor values, and insertion loss. Cer- 
tainly an optimal filter will not result without knowing the crystal’s char- 
acteristics to some reasonable degree of accuracy. 

Another nagging question that come ups often is “How close do the 
crystals have to be matched to work properly. There are two answers. 
The best filter would result with all of the crystals having exactly the 
same frequency. Practically, that isn’t going to happen, so a better an- 
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swer is to match them to within 10% of the desired filter bandwidth at 
the very worst, and to within 5% if at all possible. So for a filter with a 
500 Hz bandwidth, the would mean the frequency spread within in the 
group should be no greater than 50 Hz, but 25 Hz would make a better 
filter. When a group of 50 to 100 crystals is available, getting many 
groups of 3 or 4 crystals within 5 to 10 Hz is quite easy. If you only have 
10 or 20 units to start with, the 25 or 50 Hz targets are more realistic. 

The set of crystals used in my QRP-10 unit had a total spread of 1 
HZ. Two crystals were measured at 3.931282 MHz, and the other unit 
was one Hz lower in frequency. Within the 49 crystals in the group, 
there were at least 10 sets of 3 crystals which would meet the 5% crite- 
ria, for a filter with an assumed bandwidth of 250 Hz. That’s quite typi- 
cal for a lot of nominally 50 crystals. Of course if more elements are 
required in the filter, then fewer sets would be available. 

Knowing the crystal parameters also allowed me to optimize the 
values used in the [A QRP-10 that I’m building. The topology was also 
changed a bit, which results in a better performing filter. One note of 
caution is in order. If you are building your rig from the QRPp Fall 2000 
issue, there is a mistake in the illustration shown on page 26 regarding 
the crystal filter. The illustration shows capacitors C13 and C14 in se- 
ries with the crystals X1 and X2, and X2 and X3 respectively. That isn't 
correct. One end of each of these capacitors is grounded, as shown in 
the schematic. My changes include adding a capacitor in series with 
RFC2 and X1, and another capacitor at the other end of the filter in 
series with X3 and RFC3. In addition, all of the filter coupling capacitors 
are 220 pF, which results in a filter that has a 250 Hz, 3 dB bandwidth. 
Making these changes also requires changing the value of RFC2 and 
RFC3 to 22 uH, and capacitors C10 and C16 to 56 pF to correctly match 
the input and output impedance of the filter at 270 ohms. The resulting 
filter looks very good when modeled with Electronic Workbench, and 
its measured performance on the spectrum analyzer isn’t much differ- 
ent. Those plots have are available for viewing along with the construc- 
tion pictures of this section. 

Building the actual filter entails using a slightly different technique 
than the normal round pad that | have been using. The pads for the 
filter are 1/16 inch wide, and 3/8 inch long for the larger pads, and 1/16 
inch wide, and 1/4 inch long for the shorter ones. The shorter pads 
were made with the trusty ADEL nibbling tool and the longer ones on 
the Harbor Freight shear. The pad pattern basically uses an offset of 
slightly less than 1/2 of the pads length on opposite sides of the layout. 
A spacing of 3/8 inch was used between the parallel pads. That can be 
seen in the pictures. All of the pads are laid first, and then the parts are 
added beginning in the middle of the pad array, and working toward the 
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ends. This approach maximizes the space available for getting the sol- 
dering iron into the connection. The offsets are to accommodate the 
interior coupling capacitors, which for this rig are C13 and C14. 


iy 


Fig. 23 Crystal Filter - Step 1, Another View 
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Fig. 25 Crystal Filter Step 2 
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Fig. 27 Crystal Filter - Finished Version 
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This section covers the building of the receiver product detector 
section, which turned out to be easier than expected, as several modi- 
fications to the original design were made. Primarily, neither of the J310 
FET switches were built, as the changes provided by the redesigned 
front-end T/R switch are expected to keep the monitored transmit sig- 
nal level to something reasonable. If I'm wrong about that assumption, 
then some or all of those parts will be installed after the transmit section 
is completed and working. | would test that premise, but my good signal . 
generator is out for repair, so | don’t have a reliable 30 MHz source at 
the required amplitude to test the receiver “as built’. Also, only one 
output from the product detector was sent to the audio amplifier, in- 
stead of driving the audio amplifier differentially. My feeling here was 
that the improvement in the receiver front-end more than compensated 
for this 6 dB loss. 

As a bit of a refresher course on product detectors, here is what is 
going on in this stage. First of all, a product detector is essentially a 
mixer, with the output signals being the original incoming signals, and 
the sum and difference of these two. Usually in a mixer, the incoming 
‘ signals are the rf., from perhaps the antenna, and a local oscillator, 
differing from the incoming r.f. by several MHz. One of the output sig- 
nals becomes the i.f. frequency, and the other is the image frequency, 
and is not used. A product detector operates in the same manner, but 
with one distinction. The difference between the incoming signal and 
the local oscillator is in the audio spectrum; a difference of only a few 
hundred Hz normally. The local oscillator operates at or very near the 
i.f. frequency, for the IA QRP-10, at about 3.932 MHz. With this rig, the 
local oscillator is above the center of the crystal filter by about 750 Hz. 
The actual amount is adjustable via trimmer C17. When C17 is ad- 
justed correctly, an incoming signal centered in the crystal filter is heard 
as an audio note of 750 riz. The image signal coming out of the product 
detector is the sum of the :.f. signal and the local oscillator, and is at 
about 2 times ‘ne local oscillator frequency, or 7.864 MHz. This rf. sig- 
nal is essentially shunted to ground by capacitor C24. The audio signal 
is passed to the audio amplifier, U3 by coupling capacitor C19. 

One more comment is appropriate. Since the local oscillator fre- 
quency is above the center of the crystal filter, the crystal filter is oper- 
ating as a lower sideband filter. That's appropriate for all ladder filters 
using the design employed in the QRP-10, where the upper skirt is 
steeper than and lower one. 

The parts for the product detector are laid out in a similar manner 
to that used by Mike, NOMF, although | did have to rotate the NE602 
socket to the right by 90 degrees to fit the available space. This then 
required the attached parts to rotate too. However, if you look at Mike’s 
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layout rotated 90 degrees clockwise, and mine, they are oc ‘te similar. 
On this section. as | did with the mixer. the power to the NE602 comes 
into the socket above the socket mounting substrate. and is soldered 
inside the socket pin. instead of on the outside of the pin. Thats clearly 
showr in several of the photos 

The parts layout photo has the parts labeled for the crystal filter. as 
well as this section | felt it was easier to visualize how these two sec- 
tions fit together doing it that way After the product detector is built, it 
can be tested if you have a small high gain audio amplifier around that 
you Can press into service. If you do, and it has about 40 dB of gain or 
more, you can solder a 0.1 uF capacitor to one of the NE602 output 
pins. (either 4 or 5) and a short run of shielded wire from the other end 
of this capacitor to your audio amplifier. Attaching the receiver to either 
an antenne or a signal generator should produce some noise. Peak the 
noise by adjusting all of the input and rf. amplifier trimmers, and then 
adiusi trimmer C17 for the loudest audio. If the product detector is work- 
ing. 10 meter signals can be heard. or at least, you should be able to 
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Fig. 30 Product Detector #1 
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Fig. 33 Crystal Filter and Product Detector Parts Layout 


These notes cover the construction of the last remaining receiver 
section, the audio amplifier. When | started this section, my thoughts 
were that it would be a “piece of cake”. After all, it's only an audio ampli- 
fier. How hard could that be? Turns out this was the most difficult sec- 
tion to complete, and to get working properly. Read on.... 

| made a comment in the last section that | was planning to leave 
out the FETs, Q2 and Q3 that do the audio switching, since the front- 
end of the receiver had been redesigned, and it should have enough 
attenuation to keep the receiver from being overloaded by the transmit 
signal. As | started the build of the receive audio section, | indeed left 
out those parts, along with the associated resistors, capacitors, and 
diode. The only parts that | actually used were capacitors C19 and C24. 
Capacitor C19 takes the audio from the output of the product detector 
to the input of the LM386, U3, and C24 bypasses any r.f. coming out of 
the product detector to ground. Along with not using Q2 and Q3 came 
another decision not to use both audio inputs on U3, but to run the 
audio single ended. This reduces the total audio gain by a factor of 2, 
but | was guessing there would still be an adequate amount, and it 
makes the building easier, especially if Q2 has to be added back in. 
The unused input pin on the LM386 was grounded. 

After building the audio amplifier input circuitry, the output compo- 
nents were added, exact!y as shown in the [A QRP-10 schematic, and 
in the same locations shown in the illustrations. The only components 
not installed were the LED in the AGC feedback circuit, and the audio 
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output potentiometer, R9. The headphone jack was wired directly to the 
negative end of capacitor C27. 

With this configuration, the receiver was powered up. My expecta- 
tion was to hear some moderately loud audio noise, but not much was 
heard. | suspected a problem because this amplifier is running at a gain 
of 200 and that ought to produce some noise on the output. | looked 
over the circuitry again, just to make sure all of the connections were 
correct, and that | hadn't installed one or more of the electrolytic capaci- 
tors backwards, causing excessive leakage, and potential destruction. 
No problems were noted. This is the point in time when you're glad you 
have a fairly well equipped lab. 

The oscilloscope was turned on, and the output probed. There was 
indeed a problem, a rather large sinusoidal signal (4 volts peak to peak) 
on the output, at a frequency of 10.1 MHz. Not at all like what is sup- 
posed to be there. | tried changing the values of R8 and C23 to see if 
that would help, since they are providing feedback from the output to an 
intermediate point of the LM386’s input, but that didn’t change the con- 
ditions much. | still had an oscillator, and | needed it to be an amplifier. 

What to do? Go to the source, of course. | fired up my computer, 
connected to the National Semiconductor web page, and downloaded 
the product sheet for the LM386 device. In looking at the sample appli- 
cations using this device, | kept noticing that each amplifier circuit had 
a 0.05uF capacitor and a 10-ohm resistor from the output (pin 5) to 
ground. It was there in every circuit except the one for a square wave 
oscillator. So those parts were added. With that change, the amplifier 
became very stable, and was producing noise, as it should be doing. 
The remaining change that ! did was to remove the large electrolytic 
Capacitor, C25 on pin 6 (power) and replace it with a 0.22uF tantalum 
capacitor. The large electrolytic didn’t seem to be adding any stability to 
the circuit, and | felt the LM386 would operate better by having any rf. 
on the +8 volt line bypassed to ground with the smaller capacitor. ide- 
ally, both could be used, but space is at a premium at this point in the 
construction. 

Having gotten the amplifier stage working, it was time to do some 
testing again. The receiver was powered up, and an antenna connected 
to the input. Immediately, 10-meter signals could be heard. They weren't 
very strong, and it turns out not from hams, but carriers from CB/Free 
Band operators running AM or FM. However, they were quite a good 
source to do some final peaking on the input trimmer. After that was 
done, the receiver was left operating. During the day, several CW sig- 
nals, both DX and comestic were heard, some quite strong. | also found 
out the receiver will drive a small speaker with useable volume. 

At this point we have two-thirds of the |A QRP-10 built and operat- 
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ing. When my signal generator gets back from the repair shop, I'll make 
some quantitative measurements on it. My guess is that the MDS is 
around 115 dBm, but it may be better than that. We'll also get some 
insight into whether the input attenuation is adequate to control the re- 
ceive signal level during transmit without Q2 and Q3. I'll drive the input 
at +13 dBm, close the key line, and measure the audio output. While 
+13 dBm is below the signal level from the transmitter, it is at least in 
the ballpark. Once those measurements and others are done, I'll post 
an update. 
Part 7 Update 

Well, the UPS guy drove up the driveway this afternoon, and took 
this really big package off of his truck. It turned out to by my Racal- 
Dana 9087 signal generator that had to go back to New York for repair. 
| unpacked it, put it on the bench, and fired it up. Yes indeed! Working 
again like it was Supposed to, and just in time for some timely measure- 
ments on the recently completed IA QRP-10 receiver. 

Here are the measurements that | made, and my comments about 
them: 


MIDS = -130 dBm (That's less than 0.1 micro volt folks) 

Filter Bandwidth = 230 Hz (Missed the design bogie by 20 Hz) 
Minimum Opposite Sidebana Rejection = 62 dB (Very good for a 3 
pole filter) 

IF Rejection = 110 dB (Excellent for any rig) 

Image Rejection = 70 dB (Very good for a simple superhet design) 
Rx Current Draw = 35 milliamps (VXO and receive strip combined) 


Overall, this is really wonderful performance for a receiver as un- 
complicated at this design. If. you have been holding back on building 
this rig because you ghee thought it was.“not that great’, you ought to 
reconsider. 

I'm really excited about getting started on the transmit strip, so | 
can see what the completed rig will do. It is a keeper in my book! | hope 
the gang is giving some serious consideration to providing a salts kit 
for this fine project. 
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Fig. 35 Audio Amplifier Parts Layout 
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Fig. 36 Finished Receiver 


I'll start the part 8 discussion by sharing a bit more information con- 
cerning how the VXO and receiver were integrated together. If you have 
followed this project to this point, you probably thought that the VXO 
and the receiver were built on separate substrates. That’s the way Mike, 
NOMF built them. It is a good way, especially if you were to build a 
similar rig from scratch and not sure how much room is needed, or 
you're not sure what method will be used, VXO or a VFO, for frequency 
control. In this project however, that decision is made. Since the design 
requires two single sided PC board substrates for the VXO and receive 
strip, these can be combined into one, double-sided PC board sub- 
strate. On one side is the VXO, and on the other side is the receive 
strip. The advantage comes in connecting the two together, which is 
easy. The way the two sets of circuits are built, the VXO output is right 
‘ under the receive mixer, U1. Within a few inches of the +8 volt power is 
a major connection point on the receive strip. The 12-volt power is simi- 
larly close by. None of these connections leave the substrate; they just 
have to be routed to the opposite side, keeping lead lengths short and 
direct. 

My reason for mentioning all of this is that one of the first pictures in 
the part 8 group shows some of the VXO and receiver. | was keeping 
this detail secluded as long as possible in hopes of gaining a small, but 
significant advantage on my very worthy building opponent! It also made 
a lot of sense to build the rig this way. 

The first steps in building the transmit section were to once again 
prepare another 2 X 4 inch substrate. This was done, and matching 
holes were drilled in the corners so that it could be stacked on top of the 
receiver/VXO board assemble during building. Why did | want it up there? 
Easy, so that the VXO signal would be close by during testing of the first 
Stage of the transmit strip. Conveniently, the VXO output is also directly 
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underneath the transmit mixer, U4. While the details have not been 
finalized, some set of mating connectors will be used take all of the 
signals to and from the transmit board, so that it can be removed from 
the stack. 

After the transmit strip board was cut and drilled, four sections were 
marked on it, one each for the transmit mixer, transmit band pass filter, 
driver amplifier, and final amplifier/low pass filter assembly. AS was done 
with the VXO and receiver, these areas help keep the layout clean and 
organized. While that is the goal, they are only lines drawn with a mark- 
ing pen, so if a part needs to “spill’ into an adjacent area to make it fit, 
let that happen. 

With the transmit substrate ready for building, it’s time to heat up 
the soldering iron, and get out the pads and glue. 


es SS 


Fig. 36 Transmit Substrate On Top 


Fig. 37 Transmit Substrate Marked Off 
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Building the transmit mixer section starts with putting the IC socket 
on pads of some kind, or gluing down a socket/pad combo. My version 
uses the latter, and | won't go into details here, as that was already 
done in a prior discussion. There is at least one important consider- 
ation thought, and that is to place the socket away from the edge enough 
so that when the transmit band pass filter is added, (in part 10) there is 
room for either a trimmer capacitor or toroid. Following that approach 
will result in a neat layout. : 

After the socket for U4 is secured, the capacitors on pins 3 and 2 
can be soldered in place. Don’t worry about the keying lead that will 
also be soldered to pin 3. It will be added when the driver amplifier 
stage is built. U4 has an added capacitor soldered on pin 1, along with 
the 4.7-pF capacitor (C34) that is shown in the schematic. I’ve called 
this added capacitor C34A, and its value on my rig is 22 pF. It was 
added after some initial testing showed the r.f. drive level on U4 was too 
high. Capacitor C34A forms a voltage divider with capacitor C34 to 
reduce the level down to about 150 millivolts peak-to-peak. I’ve included 
an oscilloscope picture in this construction set showing the signal on 
pin 1 of U4. 

Having completed one side of the socket, the parts for the other 
side can be added. Start by putting down the pads for the trimmer ca- 
pacitor, C39. | made sure the pads were spaced enough apart that the 
trimmer body could fit between them. After these pads are placed, the 
leads on capacitor C55 (27 pF) can be bent so that it can be soldered to 
socket pins 6 and 7, with the remaining lead ends soldered to the C39 
pads. Normally, | would use separate leads for this kind of a connec- 
tion, but | felt the values that were shown in the schematic made sense, 


Fig. 38 TX Mixer #1 
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Fig. 39 TX Mixer #3 


so there was little chance that C55 might need to be changed. 

An additional pad is then placed for the mounting of inductor RFC7. 
Note in the pictures that this part, like most of the resistors and induc- 
tors, is oriented vertically with the upper loop end serving as a test 
point. After the inductor is soldered in place, the crystal leads can be 
bent, and it too soldered. The only remaining part to place is capacitor 
C40, and the pad for it is already there, since it shares a pad with trim- 
mer capacitor C39. 

As with the lead to pin 3, don’t worry about adding the +8 volt power 
lead to pin 8 at this time. It will be easier to figure out the correct routing 
after the driver amplifier stage is finished. 
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Fig. 40 TX Mixer Parts Layout 

Once this stage was completed, | did some detailed analysis of the 
input drive level and output spectrum. It was during my first look at the 
output spectrum that | suspected the r.f. drive level from the VXO dou- 
bler circuit was too high. The first spectrum plot holds the key. If you 
look at the peak at nominally 28 MHz, which is the output we will be 
using, and the peak at 32 MHz, which is the rf. drive coming in, you see 
a difference of about 12 dBm. Too much of the 32 MHz drive is showing 
up on the output, an indication of overdrive for this mixer. The differ- 
ence should be greater but at least 10 dB or so for an NE602. If this 
were a diode double balanced mixer, the difference would be about 50 — 
to 60 dB. 

By trial and error mostly, capacitors were added to ground on pin 1 
of U4, until the largest difference between the 28 MHz and 32 MHz 
signals occurred. That happened with C34A at 22 pF. A value of 27 pF 
was also very good. The second spectrum plot shows these two sig- 
nals with the capacitor soldered in place. The 32 MHz drive signal is 
now at least 20 dB below the output level at 28 MHz. Also, notice that 
many of the higher order spurs are reduced significantly too. This is 
another key that the mixer was being over driven. The signal at 28 MHz 
is the “minus” output, the difference between the VXO at 32 MHz, and 
the local oscillator at 3.93+ MHz. Look also at the other signal on this 
plot at roughly 36 MHz. This is the other principal output from the mix- 
ing process, the “sum” signal. It is this signal and the r.f. drive feed 
through, that the band pass filter, which follows this stage, can effec- 
tively attenuate. 

That last spectrum plot shows the desired 28 MHz signal in detail. 
All of the close in spurs are at least 40 dB below the desired signal. 
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These must be low, as the band pass filter will be tuned to 28 MHz, 
providing very little attenuation of these high order products. If the spurs 
were high at this point, they would be passed on to the driver stage, 
then to the final amplifier, and show up in the output. 
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Fig. 41 TX Mixer Output Without C34A 
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Fig. 42 TX Mixer Output with C34A 
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Fig. 43 TX Mixer Output Detail 
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Fig. 44 TX Mixer Drive Level 
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In part 10, the transmit band pass filter gets constructed. Since this 
section has only a few parts, it won't take long to discuss it, nor very 
long to build. 

As was mentioned in part 9, the location of the U4 socket was se- 
lected to allow sufficient room for a toroid to be placed between the 
board edge and its connecting pad. To get started building, a pad was 
glued just over the section separation line, and at the same height as 
pin 4 of U4. Across that opening is soldered capacitor C37, a 4.7 pF 
unit. Toroid L1 was then wound with 17 turns of #26 wire and measured 
on an AADE capacitance meter. The inductance for L1 was 0.972 UH. 
After cutting its leads to length, it was soldered from the C37 pad to 
ground. Opposite this inductor, trimmer capacitor C38, a 5-50 pF unit 
was soldered. 

Next, another pad was laid, and capacitor C41 leads were formed 
and trimmed, and it was soldered from the C37 pad to this new pad. 
Trimmer capacitor C42 is also soldered to this pad, located between it 
and the side of the substrate, and parallel to inductor L1. Finally, induc- 
tor L2 was wound with 17 turns of #26, its inductance measured, and 
soldered in place adjacent to trimmer C38. Interestingly, both inductors 
were wound identically, but the measured value for L2 came out at 1.05 
uH. That represents an 8 percent difference in inductance between the 
two unit, and is typical. The differences come about from subtle wind- 
ing variations, and differences in core permeability. One might wonder 
why were the inductors mounted on opposite sides of the center line on 
signal path. That’s to keep them separated so their magnetic fields 
can'tlink, thereby changing the coupling between the two sections. The 
coupling is controlled by capacitor C41. 

To finish the buildup of the filter, an additional pad was placed and 
the output coupling capacitor, C43 was soldered into place. This last 
pad won't remain. It will be removed when the buffer amplifier socket is 
placed. In the meantime, having a terminus for C43 provides a stable 
point for connecting our test gear. With the filter constructed, it was 
time for another test. 

I've only got one plot to show you for this section, but it reinforces 
the theory discussed in part 9. As a refresher, | commented that this 
filter would affect the level of the r.f. drive signal and mixer image out- 
put, but not the 28 MHz signal that remains. Indeed, if you look at the 
filter output plot, the rf. drive level has been reduced by an additional 
15 dB, and the image signal by 30 dB. If this transmit filter were even 
narrower in its frequency response, the two unwanted signal would be 
reduced more. Making it narrower involves reducing the value of ca- 
pacitor C41. For this 28 MHz filter, 1 pF is probably the lowest practical 
value that can be used. However, doing that would make adjusting this 
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filter more difficult. When we finally get the rig finished, if there is too 
much output of either of these two unwanted signals, we know exactly 
the place to go to make a change, and the part that is affected. 

In the next part, we will build the buffer/driver amplifier. 


Fix 46 TX Bandpass Filter #2 
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Fig..47 TX Bandpass Filter #3 


TA QRP-1 Tx band filter autput 
REE “15.8 daa POPS TATE 10 dB A_ytew B_blank 


PeNniee ac. Gow SPAN 10.00 MHz 
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In this part, we will do the construction and testing of the transmit 
buffer amplifier/driver stage. This stage is base on arather unique IC, a 
Linear Technology LT1252 video amplifier. While not specifically de- 
signed for r.f. amplification work, it has enough gain-bandwidth to be 
very useable up to 10 meters. 

Before starting the actual buildup of this stage, an 8-pin socket was 
configured with a 620-ohm resistor soldered underneath it between pins 
6 and 2. The reason for doing this was to allow the layout of the driver 
stage to be more neatly built and without parts crossing over each other. 
That would not have been doable had this feedback resistor been wired 
external to the socket. Along the way, a series of three pictures were 
taken to document how this was done. While | don’t recommend using 
this method for a new design, as you may need to change the value, | 
felt it was safe enough to use here. After the resistor was soldered to 
the socket pins, the socket was soldered to a header, similar to the 
other 8-pin sockets used in the construction. 


Fig. 49 U5 IC Socket Preparation 


The U5 driver stage socket was aligned on the PC board substrate 
so that it was the same distance from the substrate edge as the U4 
mixer socket. This alignment also placed pin 3, the non-inverting input 
just above the centerline of the Tx mixer filter output capacitor, C43. 
Sufficient room to the left of the socket was provided for bias resistors 
R18 and R19. A short jumper from the common pad containing these 
three components to pin 3 completes this part of the circuit. 

The two remaining components, C44 and R20, which finish the 
feedback around the inverting input, were then added to pin 2. Resistor 
R62 was already in place, being the resistor soldered under the socket. 
Capacitor C46, an r.f. bypass for the Vcc line was installed on the pad 
containing the upper end of resistor R19. A short lead was taken from 
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this pad to pin 7, the power pin for the IC. 

To finish the wiring of this stage, capacitor C45 was then soldered 
between pin 6 and a pad secured to the right of the socket, and cen- 
tered between pins 7 and 8. This pad also is one of two to which is 
soldered the 100 ohm trimmer resistor, R22. The trimmer used was a 
1/4 inch diameter Bourns cermet type, and oriented so that the wiper 
moves away from the grounded end as the potentiometer is turned 
clockwise. That motion raises the drive level to the following stage. 
With the potentiometer mounted, the buildup of this stage is nearly com- 
plete. The remaining item is wiring pin 4 back to pin 3 of U4, the trans- 
mit mixer so that these two stages can be key together. | also added a 
0.01 uF capacitor to pin 4 of U5, just to assure that any r.f. picked up on 
this lead would be bypassed to ground. 

Testing can be accomplished by applying power to the rig and as- 
suring that +8 volts and Vcc are on the appropriate chip pins. Since the 
output of the buffer/driver stage just built is a 100-ohm potentiometer, 
we already have a suitable dummy load for testing purposes. Ground- 
ing either U4, pin 3, or U5, pin 4 will cause both the transmit mixer and 
‘buffer/driver stages to be active. The junction of capacitor C45 and 
resistor R22 (the 100 ohm potentiometer) can be monitored with either 
an r.f. probe, or an oscilloscope. Trimmer capacitors C38 and C42 are 
adjusted until the output is peaked. If a receiver is available, or if the IA 
QRP-10 receiver is operating, the 10-meter signal being generated can 
be heard. I’ve included some spectrum plots in the picture set to show 
the output of this stage. The first plot shows the spectrum centered on 
the VXO frequency. I've show this plot format before after the transmit 
mixer and transmit band pass filter. This version shows the gain pro- 
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vided by the buffer/driver stage. The second plot is centered on the 28 
MHz output and shows the close in spurious responses. 
In the next installment, we'll build the final amplifier and output low 


pass filter. When those are complete, the rig will be finished to the point 
that it can be put on the air. 


Fig. 52 Transmit Driver #3 
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Fig. 54 Transmit Bandpass Filter and Driver Parts Layout 
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Fig. 55 Transmit Driver Output Spectrum Plot - “Wide” 
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Fig. 56 Transmit Driver Output Spectrum Plot - “Narrow” 
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The fina! amplifier and low pass filter; hard to belleve we are near- 
ing the end cf this phase of the project. Let's get started. 

| tried to follow Mikes NOMEF layout for this section. since It was 
laid out wel! My having U5 oriented 90 degrees ciockwise from that 
used by Mike brought about the only departure This changed the loca- 
tion of the drive potentiometer a bit, and moved Q6. the MRF 237 final 
amplifier a little farther away from the right board edge. Another change 
that | made was in orienting the output inductors. L3 through L5 at 90- 
degree angles to each other. to prevent coupling among this set of 
inductors. |'m not sure that change was completely necessary, but thats 
how | did the buildup. As a point of reference, inductors L3 through L5 
measured as follows: L3 = 0.35 uH, L4=0.42 uH, andL5=0.35uH My 
measurements were done with an AADE L/C meter. 

My first approach to these sections was to build them with the com- 
ponents specified in the schematic with the exception of RFC8. | wanted 
to see how well the LT1252 would drive the final without adding this 
inductance. The early pictures don't show this part on the layout. and 
that's why. 

_ Capacitor C48 is also missing in some of the early pictures. The 
reason for leaving this out was suspecting that the capacitance of the 
Zener diode, D012, had not been accounted for in selecting the 82-pF 
value for C48. After corresponding with Mike, my Suspicions were con- 
firmed. A quick measurement of D12 showed that it provided about 40 
pF of capacitance. Another measurement of receive Strip input trimmer 
C100 would be providing another 25 pF, leaving about 18 pF required 
to achieve the 82-pF value. This is probably still a bit high, as the MRF 237 
has about 15 pF of output capacitance for which no compensation has 
been provided. However, 18 pF was the value used for capacitor C48. 

Another change that should be mentioned is the addition of a pair 
of r.f. bypass capacitors to the junction of Vcc and RFC9. The way the 
temporary wiring worked out made the Vcc lead quite long Therefore. 
adding two additional capacitors here was appropriate. One of the ca- 
pacitors was a 1000 pF unit. and the other, a 0.01 uF unit. 

Inductor RFC9 is also shown in the early pictures was 6 turns on It, 
and it is wound on a FT3/-61 core. The reason for do this was to pro- 
vide a choke with about 70 times the collector impedance. Using a 
choke with 5 to 10 times the collector impedance is acommon practice 
for achieving stable final amplifier configurations. Six turns on this core 
provides 2.2 uH of inductance or an impedance of about 390 ohms. | 
used a collector impedance value of 38 ohms. i.e. 13.8 volts for the 
Supply. and 2 5 watts of output power. 

Once all of the parts were solder in | was anxious to fire up the 
transmit strip. and see how well is was going to work. However, | quickly 
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realized that | had used up all of the TO-5/TO-39 heat sinks in my parts 
inventory. Nuts! Time to build a TO-39 heat sink. 

Building the heat sink actually turned out to be a fun diversion. | had 
previously purchased some 0.010-inch thick tin plated brass at the lo- 
cal hardware store along with a small sheet of 0.020-inch thick copper. 
| “guesstimated” the amount of tin sheet need to make a small cylinder 
the diameter of the MRF 237, by 3/8 inch in height. Using the handle of 
an Xacto knife as a mandrel, | formed the cylinder, and trimmed off the 
excess. A little bit of “tin smithing” with a pair of round nose pliers got 
the final diameter to fit the transistor tightly. A piece of copper sheet 
about 3/4 inch wide and 1 1/4 inch long was then cut. After a bit of 
cleaning with a “Scotch Brite” pad, the two elements were ready for the 
soldering iron. The cylinder was positioned vertically and centered on 
the copper pad, and tack soldered in place. After this step, the cylinder 
was held in place with a small wooden stick, while additional solder was 
added, making a continuous joint around the perimeter of the cylinder. 
When the assembly had cooled, it was cleaned with some lacquer thin- 
ner on acotton swab. 

With the heat sink installed on the MRF237, is was “show time”. 
First, a power meter with a dummy load on its output was connected to 
the rig with a coaxial cable. Next, potentiometer R22 was turned to its 
lowest drive position. Power was applied and pin 3 of IC U4 was 
grounded; keying the transmit strip. As R22 was increased, power be- 
gan to be delivered to the dummy load. Trimmer capacitors C38 and 
C42 were alternately peaked for the highest power output with R22 
adjusted for about 2 watts. After the rig had operated perhaps 15 sec- 
onds, | felt the heat sink. Wow! Much hotter than it ought to be for a final 
running class C was my first thought. In addition, peaking C38 and C42 
was most difficult; they seemed much too sensitive. Some of that sen- 
sitivity had been observed when the band pass filter was first constructed 
and tested, and again when the LT1252 driver was added. 

Looking at the output on the spectrum analyzer provided a starting 
point to unravel what was going on. When the rig was first keyed, ev- 
erything looked normal, and would stay that way for a few seconds. 
However, as the final heated up, something was becoming unstable. A 
very high spur at nominally 16 MHz would appear in the display, and 
grow in size at the temperature increased. Additional lower level spuri- 
ous Outputs would also appear if the rig continued to operate and heat. 
What was not known now was the cause. Were the observations the 
result of a single problem, or several related problems, as is most often 
the case. 

Solving this mystery turned out to be a bit time consuming, but not 
highly technica’, and is the basis for the next .astallment of the IA QRP- 
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10 building saga. Until the next section is written, enjoy the pictures and 
spectrum plots. The two spectrum plots included with this set show the 
output when the rig is running in its stable mode. They show the output 
to be reasonably clean, and well within the FCC requirements for spu- 
rious outputs to be 30 dB below the main carrier. Also, compare these 
plots against those of the band pass filter, and LT 1252 driver, noting the 
increasing power output. The reference for these plots is at +34 dBm, 
which is 2:5 watts. On the previous plots, we were seeing only +15 
dBm, or about 32 milliwatts. 

While the rig isn’t quite ready to put on the air at this point, it is 
nearly so. The changes which will need to be made are actually rather 
minor, and typical of the kinds of things that are common with a brand 
new design. So, stay tuned....... 


Fig. 57 Transmit Final #1 
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Fig. 59 Transmit Final #3 
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Fig. 61 Transmit Final Parts Layout . 
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Fig. 62 Final Output Spectrum Plot - “Narrow” 
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Our discussion is going to begin with a few general comments and 
pictures of the completed rig, built to the original schematic except for 
the receiver front-end, which has already been documented. If you have 
been following along, you’ve also seen the revised schematic for that 
section. 

The first three pictures shows the rig with the boards stacked on 

top of each other, basically the configuration that is shown in the QRPp 
article. With the rig in this physical configuration, and the transmit strip 
built to the schematic, | could not get it to operate in an acceptable 
manner. There were three primary problems. First off, the tuning of the 
Tx band pass filter was much too sensitive. Getting trimmers C38 and 
C42 peaked was a maddening exercise. The solution to this problem 
was adding some fixed capacitance across each trimmer so that the 
trimmer Capacitance was now a fraction of the total. However, to make 
this work well, and keep the trimmer somewhat centered in its tuning 
range required changing the number of turns on inductors L1 and L2. 
The added padding capacitors, labeled C38a and C42a on the revised 
schematic, were made 22 pF. This is nominally one-half the capaci- 
‘tance of the trimmer. Inductors L1 and L2 were then rewound with 13 
turns of wire, and a resulting inductance value of 0.6 uH, as measured 
on an AADE capacitance meter. With these changes, the peaking of 
the Tx band pass filter could be easily accomplished, and was stable 
when the tuning tool was removed. 

The next problem tackled was the overheating of the MRF237 final 
amplifier transistor. Solving this actually involved two areas of the cir- 
cuitry. It was found that the gain of the LT1252 needed to be raised 
some and the value of the base r.f. choke needed to be lowered sub- 
stantially. The gain of the LT1252 was raised to 11 by changing R20 
from 120 ohms down to 62 ohms. Capacitor C44 was also changed to 
1000 pF, but probably could be left at its original 820-pF value. My rea- 
son to making it 1000 pF was because that is the value used by Elecraft 
in the K1 design. They have much more experience using the LT 1252 
than do |, so! deferred to their value. The r.f. choke, RFC8, in the base 
circuit of the MRF237 was lowered to a final value of 0.56 uH. This 
value was found experimentally, based on finding a value, which raised 
the base drive, and consequently lowered the device temperature, with- 
out causing instability. Choke values below 0.47 uH caused the final 
amplifier to be unpredictable in its operation. Along with these changes, 
capacitor C45 was changed to 560 pF to reduce the coupling between 
the driver and the final. With these values “in circuit”, the transmit strip 
operated with much greater stability, lower operating temperatures on 
the final transistor, and predictable and stable tuning. The final still gets 
hotter than | think it should running in class C, but attempts to reduce it 
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more have failed. My advice is to put a rather large heat sink on it and 
keep the temperature down that way. 

The last change to be made was discovered after the rig had been 
operated for a few days. During this time, the QSK keying was less 
than adequate, since the audio output contained significant “thump” 
when keying. The solution was to move the location of diode D11 from 
after the connection between U4, pin 3 to U5, pin 4, to between these 
two devices. With that change made, the keying was much improved. 
The downside, however, was that the higher reverse bias normally sup- 
plied by the current flowing out of U5, pin 4 was not there to reverse 
bias diodes D1 and D4. However, the reverse bias supplied by U4, pin 
3 seems to be sufficient. The thump is gone, and the audio output dur- 
ing transmit is clean, undistorted, and at an appropriate level. 

If you look at the “as built” transmit schematic that is included with 
this discussion, you will see all of the changes that have just been de- 
tailed. 

The last item for this section is a final spectrum plot that was cre- 
ated after the above changes were in place. This plot shows the im- 
provements resulting from the changes, especially the close in spurs 
that have been reduced in amplitude. The worst spur just above 21 
MHz is down approximately 48 dBc, and everything else is down ap- 
proximately 60 dBc. When this plot was made, the rig was operating at 
2.5 watts into a 50-ohm dummy load. 

While the rig still needs to be packaged, it is complete electrically 
and has been operated a few times. The first contact was with PASCVR 
in the Netherlands with a 529 signal report. Subsequent contacts over 
the next few days included DX stations in Germany and Sweden. So 
far, 4 countries and 3 states, including Alaska have been worked, all at 
2 to 2.5 watts into my 180 foot end-fed long wire antenna. All reported 
the rig sounded great. 

The last installment for this project will detail the packaging used 
for this terrific little rig so come back for one more visit! 
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Fig. 64 The Finished Rig 


Fig. 65 The Finished Rig 
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Fig. 66 Revised TX Bandpass Filter 
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Here we are at the end of what has been a delightful and interest- 
ing project for me. As always, I’ve learned some new things, had a blast 
building the [A QRP-10, and | hope, stimulated some desire on the part 
of many readers to build one. Modifying the design slightly has added 
to the robustness that Mike, NOMF had already built into the rig. 

There are still some areas that could be improved, mainly in the 
way the VXO is done. If one were to add a buffer amplifier between the 
oscillator and the doubler circuit, loading of the oscillator would be mini- 
mized. This would allow a single crystal to be pulled over 25 KHz prob- 
ably. By adding a second 16 MHz crystal in parallel, the tuning range 
could well reach 50 KHz. Certainly worth doing for the cost of another 
transistor and a few more parts. 

Changing the physical layout would enhance the stability of the 
design. I'd like to see someone build the complete VXO and receiver 
on one side of a3 X 5 or 4 X G inch substrate, and the transmit strip on 
the opposite side. Keeping the number of substrates down to two would 
minimize ground loop problems. Using three substrates allows smaller 
packaging, but aggravates rf. stability with the multiple grounds required. 

The remainder of this part will be short, and focus on the packaging 
of the rig. | decided not to use the same case as Mike, as | wanted more 
panel space for the nifty big Knob that Doug, KI6DS, had sent with the 
box o’ parts. After pawing around in my stash of cases, | found another 
Tentec TP-42, the same case used for the original 2N2/40 transceiver, 
and my 2N2/6 transverter. This case is 2 3/8 inches high, 5 3/4 inches 
wide, and 4 3/4 inches deep. After removing the spacers holding the 
QRP-10 boards together, it became clear that the transmit board would 
fit very nicely installed vertically at the back of the case, with the VXO/ 
receive board installed horizontally. This configuration gave access to 
all of the trimmers with those on the transmit board being through ap- 
propriately placed holes in the back panel. The boards were assembled 
in this configuration, and the first series of pictures is a walk-around 
that configuration. As can be seen in these pictures, all of the between- 
board wiring has been completed. There are also pigtails for the key 
line, antenna coaxial connector, and the tuning controls are wired. 

Once the board assembly was interconnected, the case was drilled. 
Hole layouts were created with WinBoard, the schematic capture pro- 
gram that | use. Back and front panel layouts were printed and affixed 
to the respective panels, and the appropriate sized holes drilled. After 
deburring the holes, the case was ready for the electronics. Two pic- 
tures of the drilled case are included in the picture set. Painting will 
have to wait for warmer weather, as | don’t spray paint in the house. It’s 
just too noxious and dangerous. 

The board assembly was then installed in the case and connectors 
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added for which pigtails existed. An assembly consisting of the volume 
control, headphone jack, and AGC LED was then wired up using sev- 
eral pieces of flat, multi-conductor cable. Once this assembly was built, 
the controls were added to the front panel, and the ends plugged into 
the pin receptacles on the receive strip. As a refresher, the pin recep- 
tacles are single terminals removed from an IC socket. The final set of 
pictures is another walk-around of the completed IA QRP-10 rig in- 
stalled in its case. The only missing item is the heat sink that will be 
used, which can handle more dissipation than the homemade unit shown 
in these pictures. When the rig is being used, the case is open, and a 
small fan is allowed to blow across the heat sink to keep the final tran- 
sistor cool. The commercial heat sink is sized such that it will transfer 
part of the heat load to the rear panel. 

We are at the end! Thanks to all who have followed along, and 
especially to those who took the time to send email with comments and 
encouragement. It is always gratifying to know that work you are doing 
is appreciated and being used. If you don’t have a 10 meter QRP rig, : 
consider this one. It is easy and fun to build, and even more fun to 
operate. 72, Jim, K8IQY 


Fig. 67 The Finished Rig Ready for Packaging 
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Fig. 71 The Finished Rig Ready for Packaging 
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Fig. 73 The Drilled Case, Back View 


QRPp Spring 2001 


Fig. 75 The Complete Rig, Top Front View 
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Fig. 76 Complete Rig Right View 
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That doesn't 
cost a mint! 


By Tony Fishpool G4WIF/K4WIF 


It's rare that a project that | build works first time due to perhaps a 
solder splash or a transistor round the wrong way and this is the point 
that beginners may get disillusioned - so it makes sense not to pile on 
further agony. When power is applied that solder splash may cause 

further damage unless precautions are taken. 

: Rather than use the usual station 24 amp 12 volt power supply 
when testing my latest project, one of the first things | built was a vari- 
able voltage and variable current power supply. You can make these for 
peanuts. Adjustable voltage regulators like the L200 can source up to 
36 volts at two amps, and short circuit protection is built in. Aside from 
the L200 needing a good heatsink you can more or less build it how you 
like - | mounted all the components on stripboard. Most parts will be 
found in the junkbox, for the bridge rectifier, choose a unit with plenty of 
voltage and current headroom. 

Current limiting is controlled by the value of the resistor between 
pins 2 & 5 of the regulator. To calculate the resistor’s value, the L200 
data sheet gives the formula R=0.45/I(required limit). The resistors also 
carry virtually the same current as is being provided to the load, so bear 
this in mind when choosing the power dissipation rating (remember 
P=|*R). | chose three resistors to give me approximately 10mA, 100mA, 
and 2 Amps. Using preferred values, that's 47, 4.7 and 0.22 ohms. 
When these values of current are exceeded, the output shuts down 
and smoke gets to stay inside transistors where it belongs. 

Flea markets are the place to find a box to build it in. Look for 
something that already has a moving coil meter. With luck, it will be 
suitable for adding shunts and multipliers so that you can monitor both 
current and voltage out. The ARRL handbook contains a lot of informa- 
tion about how to work out the right values for your meter. 

The diagram shows a simple arrangement where one meter can 
be used for measuring both current and voltage. The downside of this 
circuit is that when measuring voltage the shunt is left in circuit, but as 
it will be less than an ohm, it won’t matter much. Look for something 
that is mains powered — it may just have a suitable transformer inside! 

| built this power supply something like ten years ago. It still works 
fine, and surprisingly, after all this time, the L200 chip is still listed in 
U.K. catalogues, so | expect it’s easily obtainable in the U.S.. 
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G4WIF Power Supply 


Question about your 
Subscription? 


Note that All Queries about your subscription should go to Paul 
Maciel, AK1P. Paul’s email address is ak1p@earthlink.com 


NorCal Web Page 


http://www.fix.net/norcal.html 
Jerry Parker has a wonderful Web Page full of QRP information 
that you don’t want to miss. Check here for all of the latest NorCal 
information. 
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That doesn't 
cost a mint! 


By Graham Firth G3MFJ/W3MFJ 


Part 2 - An AF probe 


Hi again. This is the second part of my series of articles on simple 
test equipment. It’s another piece of kit that | described at Pacificon in 
2000, and also at Atlanticon & Arkiecon in 2001. This is another example 
to show that test equipment does not have to be complicated to be 
extremely useful. 

‘Again, it is a very simple circuit and is very effective in use. It is 
based on the RF probe | showed in the last issue of QRPp, but this time 
the output is an audio signal, rather than a DC voltage. 

The three capacitors can be any type available, although if you 
intend to use the probe on voltages higher than 24 volts, the input 1n 
(0.001uF) capacitor should able to withstand this. The diode specified 
is a Schottky diode. This was chosen as it operates well at HF, and it 
has a low voltage crop, thus making it more sensitive. Any equivalent 
diode will suffice. If a Schottky diode cannot be obtained, then | suggest 
a germanium, rather than a standard silicon diode. 


1N5819 Shottky diode 


Input sre sai +P —> ae akg 


| 
Demadulated Audio 
I} 100% 


fi 4 Output to Amplifier 
— ———-_—-~ @—------ —------____~ — Js were ———¢-:-— 


QRPp Spring 2001 69 


Earth chip to 
chassis 


The second 1n (0.001uF) capacitor is to remove any residual RF 
and the final 0.1uF capacitor is to remove any DC on the output, which 
could affect the following audio amplifier. 

The case | used for the probe was originally a pen in a plotter! | 
removed the point & the ink felt, washed it out, and then | found a piece 
of wire that was the same thickness as the point, soldered a piece of 
wire to it & then pushed it, wire first, into the, after first smearing it with 
“krazy glue”. The rest of the components were all soldered together, 
connected to this piece of wire & then pushed carefully into the body of 
the pen. Tape any connections that you think may short = no one is 
going to examine it when it is glued together! 

The output screened lead had already been pushed through a 
suitable hole in the end cap; this was then fitted, again with a smear of 
glue. Finally, an RCA (phono) plug was fitted to the end of the lead. This 
plug suited my shack amplifier. You can fit a plug to suit your available 
amplifier 

The amplifier | used was my “shack” amplifier — what — you don’t 
have one? Well you will have to make one and there will be information 
on building such a beast in a future QRPp. Those of you without one, 
and who can't wait, can | suggest getting one of the amplifier/speaker 
setups you can buy at RS or any computer store and is intended to 
amplify the noises that come out of the kid’s computer. These are 
incredibly cheap & you can just ignore the second channel — the amplifier 
and mains/battery power supply is usually in just one of the boxes — the 
other is just a loudspeaker. But don’t throw it away — we may have a job 
for that in a future article! 

The use of this probe is to trace an RF signal through a receiver. It 
will not work around the mixer stage as the signal level will really be too 
low, but it will work well further along the receiver. What you will hear 
will of course depend on what the front end is tuned to, but whatever it 
is, it will indicate where the signal is being lost as you move through the 
circuitry. 

That's it for this issue of QRPp. Another exciting installment in the 
next issue! 
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QRP Operating News 
By Richard Fisher, KI6SN 
1940 Wetherly Way 
Riverside, CA 92506 
KI6SN@yahoo.com 
Milliwatting strategies for the CQWW 

Jerry Scherkenbach, N9AW, writes from Hales Corners, WI, that 
“after working Rumi, LZ2RS, a couple of months back on 20 meters 
using about 200 milliwatts | was hooked. 

“He worked me with only 50 milliwatts which he said was the first 
time he had worked the USA on 20 meters with that power level. 

“Since | couldn't accurately measure my power at that low level, | 
bought a WM-2 wattmeter kit, built it and decided to try for DXCC using 
only milliwatts. 

“For mostly work related reasons, my quest to start this personal 
challenge was delayed until (the CQWW DX contest in November 2000). 

“I’ve always enjoyed the CQWW CW contest. 

“In 1989, a few years after getting interested in QRP, | entered the 
contest as a singie operator on 15 meters QRP. 

“Well, that’s a pretty limited category but | was really amazed to 
work 90 countries with 5 watts that weekend on 21 MHz. 

“| was even more amazed when a No. 1 World certificate showed 
up for that effort. 

“Like | said, its a pretty limited category - | think there were around 
40 entries. 

“Anyway, for the CQWW CW | decided to try milliwatting. 

“So, with the WM-2 set to 900 milliwatts | started out on 10 meters 
on Saturday morning. 

“When | look back, | was awful casual about not getting in until 
1547Z (9:47 am. CST), however, | didn’t think it would turn out this 
well. 

“The next day (Sunday) | also got a late start. Now | wish | had 
started earlier. 

“Maybe | could have gotten those 100 countries while milliwatting 
in one weekend. 

“My goal was to work as many countries as | could, not QSOs or 
points. | mostly worked one QSO per country but did have a few extra 
QSOs with Japan, England, France and Hungary. 

“The results at 900 milliwatts: 110 QSOs, 95 countries, 10/15/20 
meters. Most QSOs were made on 10 meters. 

“Worked all continents. Most QSOs were with common countries 
but also had some not-so-common ones: 3V, OX, JX, OHO, PYOF, JW, 
A3, 9G, KHO, 9H, FR, YJ, TZ, VP8/H and VR2. 
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“My equipment? A Yaesu FT-1000MP, Oak Hills Research WM-2 
wattmeter, Mosley Pro-57B antenna at 50 feet. 

“The bottom line? This was really a lot of fun. | don’t think | will be 
hesitant to operate in the ‘less than 1 watt’ category in future QRP 
ARCI contests. 

“Observations: 

+ Have patience: If you’re not the type to be patient, milliwatting 
might not be for you. 

+ CQing: Forget about it, | didn’t even try. 

+ Packet cluster: | used it but avoided newer spots where the 
pileups were likely to be big. 

+ Rare countries: They were spotted on packet, always a big pileup, 
forget about it. 

+ Stay with the highest open band: The QSOs were easier to 
make. Stay alert to propagation changes for your area. Jump around 
between the two highest bands when the highest band doesn't seem to 
be producing. | 

+ Generally, the louder they are, the faster the QSO unless there 
iS a pileup. 

+ Timing, as always in DXing, is key. There were a number of 
QSOs made where timing made the difference because there was al- 
ways someone calling besides me. Not really a pileup but the higher 
power stations will almost always beat you. 

+ Code speed: Don’t be afraid to crank it up, if you’re comfortable 
with higher speed that is. 

| hear a lota QRP ops slow way down, maybe thinking their signal 
will be easier to copy if their CW is slower because the signal is weaker 
than most. Not so, some of the DX ops have a rhythm they are trying to 
maintain and seem to answer stations that fit it. 

+ Forget that you’re running QRP. Remember, your QRP signal is 
not that far down in S units from the big guns, everything else being 
equal 
(whenever that happens). 100 watts to 1.5 watts (or so) is theoretically 
3 S units. 

“| hope everyone that operated the contest had as much fun as | 
did.” 


More DX in the CQWW with a K2 at 5 watts 
Bob Hightower, NK7M, writes from Chandler, AZ that he thought 
he'd “play around with CQWW this weekend, mainly to try out the latest 


version of Brian Kassel’s QRPDupe. 
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“I've been using this for nearly a year now, in all its versions. This is 
a logging program that you need. 

“It's primarily for QRP contests, but he has included the major con- 
tests such as Field Day, CQWW Dx, and so on. Very easy to use, and, 
with a simple interface, it will key your rig, and send your exchange. 

“Anyway, | worked about 7.5 hours with the K2 at 5 watts, and, 
much to my surprise, got 101 QSOs, 80 multipliers and 16,320 points. 

“That's not a great score, but plenty good for me. Among the DX 
worked were: Cayman Islands, Cuba, Japan, Sweden, Belgium, 
Asiatic Russia, European Russia, Morocco, Philippines, indone- 
sia, Costa Rica, Norway, Finland, Brazil, Ecuador, Argentina, 
Panama, Chile, Guadeloupe, Uruguay, Ghana 

“So, the operation of the K2 makes me very happy. Some of the 
speeds were quite fast, but listening to a couple of contacts allowed me 
to get the call, and the rest was easy. 

“Now | wish I'd spent more time at it, and maybe gotten QRP DXCC. 
But maybe next year. 

“The antenna, by the way, was the Cushcraft D4 rotatable dipole.” 


NK7M'’s web site can be accessed at: 
http:/Awww.extremezone.com/~nk7m 


CQWW QRP: A casual approach 
Karl Larsen, K5DI, writes from Las Cruces, NM that “as | write 
this, after many false starts and CME changes, the CQWW DX contest 
will be history in 15 minutes. 
“| took a very casual way with the contest because it has been 
many years since | last did it seriously, 
“Of course it’s my first running QRP - and more on that later. 
“Since | live in Las Cruces, |’m closer to Japan than Europe. So 
| worked a lot of radio amateurs in Japan. 
“| also found some South American stations who heard me well. 
“So, of the 50 odd stations | worked, a large part are from Japan 
zone 25. 

“But, of course there are a lot of hams there and they were all on 10 
meters. | worked them from 28.020 to 28.108 MHz. They were all 599 
and so was I. 

“The QRP-Dupe software was very good. It took some getting used 
to but after that it was quite easy to make a contact: f/6, f/4. That is all it 
took. 

“But if something odd happened, it was key f/9 and sending with 
the keyboard. My sending was real good! 
“QRP DX chasing is real good practice for proper DX operating. 
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“You're not going to overpower anyone. You’re not going to be heard 
if ANYONE else calls. So you must wait until - in the 100 milliseconds 
between his CQ ending and your pressing f/6 - no one calls that you 
can hear so YOU call. 

“Bingo, another station worked. 

“| stayed on 10 meters for the most part and that’s a big clear band. 
But when there are that many stations operating, even a big, wide band 
can get crowded. 

“| needed a very narrow receiver and didn’t use my Kenwood TS- 
50 as | should have. This was due to my other problem with copy of fast 
CW. 

“So planning for one year from now, some changes are going to be 
made. | will build a coupler so both my keyer and the computer can key 
the radio as | choose. 


“| will have this all set to connect to my TS-50 . . .| will look for a 
good computer CW reader. I’m convinced most serious guys have this 
Capability. : 


“And | will set up a schedule of what band to work at what time. 
This will help me find the DX.” 


On a short schedule, there’s still plenty of DX to snag 

Greg Harris, WB9MIl, of Park Forest, IL, writes that he found in- 
teresting other operators’ comments on the CQWW. 

“Here's what went on here for the contest. Without putting in a 
whole lot of time | worked 14 zones, 37 QSOs. 

“Used my MFJ 9020 and 9040 and Sunday morning | wanted to 
try 10 so! broke out my Century 21 at 5 watts. 

“The antennas used (both indoors) were a compressed W3EDP 
on the inside of my windowsill and a floor to ceiling PVC pipe wrapped 
in wire. | did well on 20, on 10 | just worked NP4A. 

“Seems to me that the DX operators on 10 and 40 were too busy 
hitting the automatic message buttons on their mega-dollar keyers to 
bother to listen if anyone might actually be answering them - but that is 
just my opinion. 

“On 40 | worked a guy in NY for Zone 3, tried calling the EU sta- 
tions and also a VE1, which turned out to be a near miss. 

“No joy at all on the EU stations on 40. Best catch: 93G5AA (they’re 
sharp ops). Also worked PJ, VM5, RU1, OH, etc. 

“| think that I’d have a better score if some spent a second or two 
listening for answers and not just constantly hitting keyer buttons to 
hold a frequency. 

“Allin all, after 27 years as a ham !|’m still amazed with what can be 
done with low power and marginal antennas.” 
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